REGENERATION OF DIESEL PARTICULATE FILTER 



FIELD OF THE INVENTION 



[0001] This invention relates to regeneration of a diesel particulate filter 
which traps particulate matter in diesel engine exhaust gas. 



BACKGROUND OF THE INVENTION 



[0002] JP05-044437A published by the Japanese Patent Office in 1993 discloses 
a regeneration mechanism for a diesel particulate filter which traps particulate 
matter discharged by a diesel engine. The filter is installed in the exhaust passage 
of the engine. When particulate matter accumulates in the filter, the temperature 
of the filter is raised to burn the particulate matter by raising the exhaust gas 
temperature, and the particulate matter is thereby removed from the filter. 



SUMMARY OF THE INVENTION 



[0003] If the engine decelerates rapidly during regeneration, the exhaust gas 
flow rate decreases rapidly. The exhaust gas flowing into the filter supplies oxygen 
necessary for burning the particulate matter, and also has the function of radiating 
the surplus heat of the filter. Therefore, if the exhaust gas flow rate decreases 
rapidly during the regeneration, the amount of surplus heat radiated from the 
filter by the exhaust gas, decreases, but particulate matter that collects in the 
filter still keep burning. As a result, the temperature of the filter bed rapidly 
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increases, and there is a possibility that the upper limiting temperature may be 
exceeded. 

[0004] It is therefore an object of this invention to prevent the temperature of 
the filter bed from exceeding a proper range during sudden deceleration of the 
engine in filter regeneration. 

[0005] In order to achieve the above object, this invention provides a 
regeneration device for a filter which traps a particulate matter contained in the 
exhaust gas of an engine. The device regenerates the filter by burning the particulate 
matter trapped in the filter by raising a temperature of the filter. The device 
comprises an exhaust gas temperature adjusting mechanism which adjusts a 
temperature of the exhaust gas, an exhaust gas flow rate adjusting mechanism 
which adjusts a flow rate of the exhaust gas, and a programmable controller. 
[0006] The programmable controller is programmed to determine whether or 
not a regeneration condition for the filter is satisfied, raise the temperature of the 
exhaust gas to a first target exhaust gas temperature via the exhaust gas temperature 
adjusting mechanism when the regeneration condition is satisfied, determine whether 
or not the engine is in a predetermined rapid deceleration state, and control the 
temperature of the exhaust gas to a second target exhaust gas temperature lower 
than the first target exhaust gas temperature via the exhaust gas temperature 
adjusting mechanism while increasing the flow rate of the exhaust gas via the 
exhaust gas flow rate adjusting mechanism, when the engine is in the predetermined 
rapid deceleration state during regeneration. 

[0007] This invention also provides a regeneration method for a filter which 

traps a particulate matter contained in the exhaust gas of an engine which is 

provided with an exhaust gas temperature adjusting mechanism which adjusts a 
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temperature of the exhaust gas and an exhaust gas flow rate adjusting mechanism 
which adjusts a flow rate of the exhaust gas. The method regenerates the filter by 
burning the particulate matter trapped in the filter by raising a temperature of the 
filter. 

[0008] The method comprises determining whether or not a regeneration 
condition for the filter is satisfied, raising the temperature of the exhaust gas to a 
first target exhaust gas temperature via the exhaust gas temperature adjusting 
mechanism when the regeneration condition is satisfied, determining whether or 
not the engine is in a predetermined rapid deceleration state, and controlling the 
temperature of the exhaust gas to a second target exhaust gas temperature lower 
than the first target exhaust gas temperature via the exhaust gas temperature 
adjusting mechanism while increasing the flow rate of the exhaust gas via the 
exhaust gas flow rate adjusting mechanism, when the engine is in the predetermined 
rapid deceleration state during regeneration. 

[0009] The details as well as other features and advantages of this invention 
are set forth in the remainder of the specification and are shown in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

[0010] FIG. 1 is a schematic diagram of a diesel engine to which this invention 
is applied. 

[0011] FIGs. 2A-2E are timing charts describing the effect of the control 
according to this invention. 

[0012] FIG. 3 is a flowchart describing a routine for setting a regeneration 
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flag executed by an engine controller according to this invention. 

[0013] FIG. 4 is a flowchart describing a routine for setting a rapid deceleration 

flag executed by the engine controller. 

[0014] FIG. 5 is a flowchart describing a routine for regeneration of a filter 
executed by the engine controller. 

[0015] FIG. 6 is a diagram describing the characteristics of a map of a delay 
time tdly stored by the engine controller. 

[0016] FIG. 7 is a flowchart describing an exhaust gas temperature control 
routine executed by the engine controller. 

[0017] FIG. 8 is a diagram describing the characteristics of a map of an 
injection region stored by the engine controller. 

[0018] FIG. 9 is a diagram describing the characteristics of a map of a 
post-injection amount stored by the engine controller. 

[0019] FIG. 10 is a diagram describing the characteristics of a map of a main 
injection timing retardation amount stored by the engine controller. 
[0020] FIG. 1 1 is a flowchart describing an exhaust gas flow rate control 
routine stored by the engine controller. 

[0021] FIG. 12 is a diagram describing a relation between an EGR valve 
opening and the exhaust gas flow rate. 

[0022] FIG. 13 is a diagram describing the relation between a variable nozzle 
opening and the exhaust gas flow rate. 

[0023] FIG. 14 is a diagram describing the relation between an air intake 
throttle opening and the exhaust gas flow rate. 

[0024] FIG. 15 is a diagram describing the characteristics of a map of a target 
EGR valve opening stored by the engine controller. 
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[0025] FIG. 16 is a diagram describing the characteristics of a map of a target 
variable nozzle opening stored by the engine controller. 

[0026] FIG. 1 7 is a diagram describing the characteristics of a map of a target 
air intake throttle opening stored by the engine controller. 

[0027] FIG. 18 is a diagram describing the relation of the exhaust gas flow 
rate and the filter bed temperature. 

[0028] FIG. 19 is a diagram describing the characteristics o f a map of an 
EGR valve opening correction amount stored by the controller. 

[0029] FIG. 20 is a diagram describing the characteristics o f a map of a 
variable nozzle opening correction amount stored by the controller. 
[0030] FIG. 21 is a diagram describing the characteristics o f a map of an 
intake throttle opening correction amount stored by the controller. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0031] Referring to FIG. 1 of the drawings, a diesel engine 1 for a vehicle is 
provided with an exhaust passage 2 and an intake passage 3. The exhaust 
passage 2 and a collector 3a in the intake passage 3 are connected by an exhaust 
gas recirculation (EGR) passage 4. A diaphragm type EGR valve 6 is installed in 
the EGR passage 4. The EGR valve 6 is operated by a pressure control valve and a 
diaphragm actuator in response to a duty signal from an engine controller 31. 
[0032] The engine 1 has a common rail type fuel injection device 10. The fuel 
injection device 10 comprises a fuel supply pump 14, a common rail (pressure 
chamber) 16 and a nozzle provided to each cylinder. Fuel pressurized by the 
supply pump 14 is distributed to each nozzle 17 via the common rail 16. 



[0033] The nozzle 17 comprises a needle valve, nozzle chamber, fuel supply 
passage to the nozzle chamber, retainer, oil pressure piston and return spring. A 
three-way valve is a valve that selectively connects the fuel supply passage to the 
common rail 16 and a dram, and in the OFF state, the needle valve is held in the 
seated position by the high fuel pressure of the common rail 16 via the fuel supply 
passage and nozzle chamber. In the ON state, by opening this pressure to the 
drain, the needle valve is lifted and fuel in the nozzle chamber is injected into the 
cylinder. The engine 1 burns the injected fuel in the cylinder by compression 
ignition. 

[0034] The fuel injection timing of the nozzle 17 is determined according to a 
change-over timing from switching the three-way valve from OFF to ON, and the 
fuel injection amount is determined by the time period for which the three-way 
valve remains ON. ON and OFF of the three-way valve are changed over by a 
signal from the engine controller 31. 

[0035] This common rail fuel injection device 10 is known from United States 
Patent Serial No. 6,247,311. 

[0036] A turbine 22 of a variable capacity turbocharger 21 is installed in the 

exhaust passage 2 downstream of the EGR passage 4. The variable capacity 

turbocharger 21 further comprises a compressor 23 installed in the intake passage 

3. The turbine 22 converts the flow energy of the exhaust gas into rotation energy, 

and drives the compressor 23 arranged on the same axis by using this rotation 

energy. A variable nozzle 24 driven by an actuator 25 is installed at the scroll 

inlet of the turbine 22. The actuator 25 comprises a diaphragm actuator 26 and a 

pressure control valve 27 which regulates a pressure supply to the diaphragm 

actuator 26, and varies the nozzle opening to generate a predetermined turbocharging 
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pressure from the low rotation speed region of the engine 1. Specifically, at low 
rotation speed, the nozzle opening is narrowed and the exhaust gas flow rate 
introduced into the turbine 22 is increased, while at high rotation speed, the 
nozzle opening is widened and exhaust gas is introduced into the turbine 22 
without resistance. The pressure control valve 27 adjusts the pressure of the 
diaphragm actuator 26 according to a duty signal from the engine controller 31 so 
that the opening of the variable nozzle 24 corresponds to the target nozzle opening. 
[0037] An air intake throttle 42 driven by an actuator 43 is installed at the 
inlet to the collector 3a. The actuator 43 operates under a diaphragm actuator 44 
which drives the air intake throttle valve 42 in response to the control pressure 
and a pressure control valve 45 which adjusts the control pressure supplied to the 
diaphragm actuator44. The pressure control valve 45 adjusts the pressure of the 
diaphragm actuator 44 according to a duty signal from the engine controller 31 so 
that the air intake throttle 42 has a target opening. 

[0038] A diesel particulate filter 41 which collects particulate matter in exhaust 
gas is installed in the exhaust passage 2 downstream of the turbine 22. 
[0039] The engine controller 31 comprises a microcomputer comprising a 
central processing unit (CPU), read-only memory (ROM), random access memory 
(RAM) and input/output (I/O) interface. The engine controller 31 may also 
comprise plural microcomputers. 

[0040] The engine controller 31 controls the EGR valve 6, fuel injection 

timing and fuel injection amount of the nozzle 17, opening of the variable nozzle 

24 of the turbocharger 21 and opening of the air intake throttle 42. Due to these 

controls, the particulate matter which has collected in the diesel particulate filter 

41 is burnt, and the filter 41 is regenerated to a state where it can again trap 
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particulate matter. 

[0041] To perform the above control, detection signals from various sensors 
are input to the engine controller 31. These sensors include an accelerator 
depression sensor 32 which detects a depression amount of an accelerator pedal 
with which the vehicle is provided, a crank angle sensor 33 which detects a 
rotation speed Ne and crank angle of the engine 1 , a water temperature sensor 34 
which detects a cooling water temperature of the engine 1 , an air flow meter 35 
which detects an air flow rate Qa of the intake passage 2, a differential pressure 
sensor 36 which detects a differential pressure AP upstream and downstream of 
the diesel particulate filter 41, a temperature sensor 37 which detects a temperature 
T1 at the inlet of the filter 41, and a temperature sensor 38 which detects a 
temperature T2 at the outlet of the filter 41. 

[0042] Next, the regeneration control of the diesel particular filter 41 performed 
by the engine controller 31 will be described. 

[0043] When the differential pressure AP downstream of the diesel particular 
filter 41 reaches a regeneration start determining value APHmax, the engine controller 
31 determines that particulate matter has collected in the filter 41 to such an 
extent that regeneration of the filter 41 is required. The exhaust gas temperature 
is then controlled to the target exhaust gas temperature under predetermined 
conditions so that regeneration treatment is performed to burn the particulate 
matter which has collected in the filter 41. In this process, the engine controller 
31: 

[0044] ( 1 ) determines whether or not the engine 1 is rapidly decelerating during 
regeneration, 

(2) if the engine 1 is rapidly decelerating during regeneration, sets a 



second target exhaust gas temperature lower than a first target 

exhaust gas temperature, and 
(3) controls the exhaust gas temperature to the second target exhaust gas 

temperature while increasing the exhaust gas flow rate. 
[0045] Referring to FIGs. 2A-2E, if the accelerator pedal is released and the 
engine 1 decelerates rapidly during regeneration of the filter 41, the exhaust gas 
flow rate first rapidly decreases as shown by the dotted line in FIG. 2C. The 
exhaust gas flowing into the filter 41 during regeneration has the function of 
supplying the oxygen required for the combustion of particulate matter and 
discharging excess heat in the filter 41 into the atmosphere. If the exhaust gas 
flow rate rapidly decreases during regeneration of the filter 41, the excess heat 
discharge function declines, and if particulate matter continues to be burnt, the 
bed temperature of the filter 41 rapidly rises so that it may exceed an upper 
limiting temperature as shown by the dotted line in FIG. 2E. 

[0046J The above description refers to what happens when the engine 1 
rapidly decelerates during regeneration of the filter 41, and an identical phenomenon 
occurs when regeneration of the filter 41 is performed while the engine 1 is rapidly 
decelerating. 

[0047J The engine controller 3 1 , to prevent a rapid rise of the bed temperature 
of the filter 41, firstly avoids performing regeneration of the filter 41 during 
deceleration of the engine 1 . 

[0048] Also, if the engine 1 is rapidly decelerating during regeneration of the 

filter 41, the exhaust gas flow rate is corrected in the increase direction as shown 

by the solid line in FIG. 2C, and the target exhaust gas temperature is changed 

over to a second target temperature tTexh2 lower than a first target temperature 
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tTexhl to regenerate the filter 41 as shown in FIG. 2D. Due to these measures, 
the bed temperature of the filter 41 is prevented from exceeding the upper limiting 
temperature as shown by FIG. 2E. 

[0049] The control performed by the engine controller 31 will now be described 
referring to the flowcharts of FIGs. 3-5, 7 and 11. The routines shown in these 
figures are mutually independent, and the engine controller 31 executes the routines 
at intervals of ten milliseconds during the running of the engine 1. 
[0050] In a regeneration flag setting routine shown in FIG. 3, the engine 
controller 31, in a step SI, first reads the differential pressure AP upstream and 
downstream of the particulate filter 41 detected by the differential pressure sensor 
36. The differential pressure AP corresponds to the pressure loss of the exhaust 
gas which has passed through the diesel particulate filter 41. 

[0051] In a next step S2, the engine controller 31 determines whether or not 
the regeneration flag is zero. The regeneration flag is a flag which is set to unity 
when regeneration conditions are satisfied, and its initial value is zero. The 
regeneration conditions will be described later. 

[0052] In the step S2, when the regeneration flag is zero, the engine controller 
31 immediately terminates the routine. When the regeneration flag is not zero, 
i.e., when it is unity, the engine controller 31, in a step S3, determines whether or 
not the differential pressure AP exceeds the regeneration start determining value 
APHmax. 

[0053] When the differential pressure AP exceeds the regeneration start 
determining value APHmax, regeneration of the filter 41 is required, and in this 
case, the engine controller 31, in a step S4, determines whether or not regeneration 
conditions are satisfied. 
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[0054] The regeneration conditions are conditions which determine whether 
or not the running conditions of the engine 1 are suitable for regeneration of the 
filter 41. Herein, the regeneration conditions will be taken to be whether the 
engine rotation speed Ne and the fuel injection amount corresponding to the 
engine load are within predetermined ranges. The region corresponding to idle 
running of the engine 1 or the adjacent low load region are excluded from the 
predetermined range. This is because, during idle running or in the low load 
region, the exhaust gas temperature is low, and even if a post -injection is performed 
and the opening of the intellectual 42 is narrowed in order to increase the exhaust 
gas temperature, the bed temperature of the filter 41 can hardly be raised to a first 
target bed temperature tTbedl during regeneration. 

[0055] Herein, the first target bed temperature tTbedl is a temperature at 
which the particulate matter collected in the filter 41 rapidly burns due to self- 
ignition, and it is a value within the range of 450 degrees centigrade - 650 degrees 
centigrade. . 

[0056] Even when the engine rotation speed Ne and fuel injection amount 
are within the predetermined ranges, if the engine 1 is decelerating, it is determined 
that regeneration conditions are not satisfied. 

[0057] If the regeneration conditions are satisfied in the step S4, the engine 

controller 31, in a step S5, sets the regeneration flag to unity. After the processing 

of the step S5, the engine controller 31 terminates the routine. When the 

differential pressure AP does not exceed the regeneration start determining value 

APHmax in the step S3, or when the regeneration conditions are not satisfied in 

the step S4, the engine controller 31 immediately terminates the routine. 

[0058] Due to the above regeneration flag setting routine, once the regeneration 
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flag has been set to unity, when the routine is next executed, the determination 
result of the step S2 is negative, and the engine controller 31 immediately terminates 
the routine. In other words, the regeneration flag setting routine is performed 
only to set the regeneration flag, not to reset it. The resetting of the regeneration 
flag is performed by the routine of FIG. 5. 

[0059] In a rapid deceleration flag setting routine shown in FIG. 4, the 
engine controller 31, first in a step SI 1, determines whether or not the regeneration 
flag is unity. The regeneration flag determined herein is the regeneration flag set 
by the regeneration flag setting routine executed immediately prior to the rapid 
deceleration flag setting routine. 

[0060J When the regeneration flag is unity, in a step SI 2, the engine controller 
31 determines whether or not the rapid deceleration flag is zero. The rapid 
deceleration flag is a flag which shows whether the engine 1 is rapidly decelerating, 
and its initial value is zero. When the rapid deceleration flag is zero, the engine 
controller 31, in a step S13, reads the engine rotation speed Ne detected by the 
crank angle sensor 33. 

[0061] In a next step S14, the engine controller 31 calculates a difference 
ANe between the engine rotation speed A/e„., read on the immediately preceding 
occasion the routine was executed, and the engine rotation speed Ne read on the 
present occasion. When the difference ANe is a positive value, the engine 1 is 
decelerating, and when the difference ANe is a negative value, the engine 1 is 
accelerating. When the difference ANe is zero, it means that the engine 1 is in a 
steady running state. 

[0062] in a next step SI 5, the engine controller 31 determines whether or not 

the difference ANe is equal to or more than a predetermined positive threshold 
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value alpha. When the difference ANe is equal to or more than the threshold 
value alpha, it is considered that the engine 1 is rapidly decelerating. In this case, 
the engine controller 31, in a step SI 6, sets the rapid deceleration flag to unity. 
After the processing of the step SI 6, the engine controller 31 terminates the 
routine. 

[0063] When the regeneration flag is not unity in the step Sll, the rapid 
deceleration flag is not zero in the step S12 or the difference ANe is less than the 
threshold value alpha in the step SI 5, the engine controller 31 immediately 
terminates the routine. As a result, even if the engine 1 is decelerating, provided 
that it is not rapidly decelerating, the rapid deceleration flag is not set to unity. 
This is because, during gradual deceleration, the bed temperature rise of the filter 
41 due to decrease of exhaust gas flow rate is also gradual, and it does not exceed 
the upper limiting temperature. The threshold value alpha corresponds to a 
deceleration state where the bed temperature becomes equal to the upper limiting 
temperature. The threshold value alpha is set experimentally. 

[0064] In the above rapid deceleration flag setting routine, once the rapid 
deceleration flag is set to unity, the determination result of the step S12 on the 
next occasion the routine is executed is negative, so the engine controller 31 
immediately terminates the routine. In other words, the rapid deceleration flag 
setting routine only sets the rapid deceleration flag, and does not reset it. The 
resetting of the regeneration flag is performed by the routine of FIG. 5 described 
later. 

[0065] In a filter regeneration routine shown in FIG. 5, the engine controller 

31, in a step S21, first determines whether or not the regeneration flag is unity. 

When the regeneration flag is not unity, the regeneration of the filter 41 is not 
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required. In this case, the engine controUer 31 immediately terminates the routine. 
[0066] When the regeneration flag is unity, the engine controller 31, in a step 
S22, determines whether or not the rapid deceleration flag is unity. When the 
rapid deceleration flag is not unity, regeneration of the filter 41 is required but 
rapid deceleration control is not required. In this case, the engine controller 31 
performs ordinary regeneration of the filter 41 in a step S39, i.e., controlling the 
exhaust gas temperature based on the first target temperature tTexhl, and it 
terminates the routine. 

[0067] When the rapid deceleration flag is unity in the step S22, it shows 
that the engine 1 is rapidly decelerating during regeneration of the filter 41. 
[0068] In this case, the engine controller 31, in a step S23, determines 
whether or not the rapid deceleration flag was zero on the immediately preceding 
occasion the routine was executed. In other words, it determines whether or not 
the rapid deceleration flag changed to unity for the first time in the present 
execution of the routine. When the determination result of the step S23 is 
positive, i.e., when the rapid deceleration flag became unity for the first time on 
this occasion, the engine controller 31 performs the processing of steps S24-S27. 
[0069] in the step S24, the engine controller 31 reads the inlet temperature 
T1 of the filter 41 detected by the temperature sensor 37, and the outlet temperature 
T2 of the filter 41 detected by the temperature sensor 38. 

[0070] In the next step S25, the real bed temperature rTbed of the filter 41 is 
calculated by the following equation (1): 

[0071] rTbed = b1 ■ T1 + b2 ■ T2 (1) 

where, b2, b2 = experimentally determined constants. 
[0072] In the next step S26, the engine controller 31 calculates a delay time 
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tdly by looking up a map having the characteristics shown in FIG. 6 based on the 
real bed temperature rTbed. This map is prestored in a memory (ROM) of the 
engine controller 31. The delay time tdly is the operating delay time when the 
target exhaust gas temperature changes over from the first target temperature 
tTexh 1 to the lower second target temperature tTexh2. 

[0073] Referring to FIG. 6, the delay time tdly is set to be longer, the lower is 
the real bed temperature rTbed. When the real bed temperature rTbed is low, it is 
preferred to set the delay time tdly to be longer to avoid increase of bed temperature. 
On the other hand, when the real bed temperature rTbed is high, the delay time 
tdly must be set very short to prevent the upper limiting value of the bed temperature 
from being exceeded. The delay time tdly is set to satisfy these requirements. 
[0074J In the next step S27, a timer is started. This timer is a timer which 
measures the elapsed time from when the rapid deceleration flag became unity. 
After the processing of the step S27, the engine controller 31 terminates the 
routine. 

(0075J In the routine executed after the processing of the steps S24-S27, the 
determination result of the step S23 is negative. In this case, the engine controller 
31, in a step S29, determines whether or not the timer value has reached the delay 
time tdly. When the timer value has not reached the delay time tdly, the engine 
controller 31 immediately terminates the routine. Therefore, after the processing 
of the steps S24-S27, insofar as concerns this routine, the engine controller 31 
waits without performing any processing until the timer value reaches the delay 
time tdly. 

[0076J When the timer value reaches the delay time in the step S29, the 

engine controller 31, in a step S30, determines whether or not the immediately 
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preceding timer value reached the delay time tdly. In other words, in determines 
whether the timer value reached the delay time tdly for the first time on the 
present occasion when the routine was executed. 

[0077] If it is determined that the immediately preceding timer value did not 

reach the delay time tdly, the engine controller 31, in a step S31, sets an exhaust 

gas temperature control flag to unity, and in a next step S32, sets an exhaust gas 

flow rate control flag to unity. The initial values of the exhaust gas temperature 

control flag and exhaust gas flow rate control flag are both zero. After these flags 

are set to unity, the engine controller 31 terminates the routine. 

[0078] The exhaust gas temperature control flag is a flag for executing an 

exhaust gas temperature control routine, and the exhaust gas flow rate control 

flag is a flag for executing an exhaust gas flow rate control routine. 

[0079] When it is determined that the immediately preceding timer value 

reached the delay time tdly in the step S30, the engine controller 31, in a step S33, 

reads the inlet temperature T1 and outlet temperature T2 of the filter 41. 

[0080] In a next step S34, the engine controller 31 calculates the real bed 

temperature rTbed hy equation (1) in the same way as in the aforesaid step S25. 

[0081] In a next step S35, the engine controller 31 determines whether or not 

the real bed temperature rTbed exceeds the upper limiting temperature. At this 

stage, the exhaust gas temperature control flag and exhaust gas flow rate control 

flag are both unity, and exhaust gas temperature control and exhaust gas flow 

rate control are performed to prevent rapid rise of the bed temperature of the filter 

41. In this state, if the real bed temperature rTbed exceeds the upper limiting 

temperature, it means that these controls are not functioning effectively. In this 

case, the engine controller 31, in a step S37, resets the regeneration flag to zero, 
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and in a next step S38, after resetting both the exhaust gas temperature control 
flag and exhaust gas flow rate control flag to zero, the routine is terminated. The 
resetting of the regeneration flag to zero means that regeneration of the filter 41 is 
to be terminated. In other words, when the real bed temperature rTbed exceeds 
the upper limiting temperature, the regeneration of the filter 41 is immediately 
stopped. 

[0082] When the real bed temperature rTbed does not exceed the upper limiting 
temperature in the step S35, the engine controller 31, in a step S36, determines 
whether or not regeneration of the filter 41 is complete. This determination is 
performed by determining whether or not an elapsed time from when filter regeneration 
started, reached a predetermined time. Various other methods are known in the 
art for determining whether or not regeneration of the filter 41 is complete. 
Therefore, the determination of whether the regeneration of the filter 41 is complete, 
may be performed also by another method. 

[0083] When it is determined that the regeneration of the filter 41 is complete 
in the step S36, the engine controller 31 terminates the routine after performing 
the aforesaid steps S37 and S38. When it is determined that regeneration of the 
filter 41 is not complete, the engine controller 31 terminates the routine after 
performing the aforesaid steps S31 and S32. 

[0084] In an exhaust gas temperature control routine shown in FIG. 7, the 
engine controller 31, in a step S41, determines whether or not the exhaust gas 
temperature control flag is unity. When the exhaust gas temperature control flag 
is not unity, the engine controller immediately terminates the routine. This 
exhaust gas temperature control routine is therefore effectively executed only 
when the exhaust gas temperature control flag is unity. 
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[0085] When the exhaust gas temperature control flag is unity in the step 
S41, the engine controller 31 reads the engine rotation speed Ne and fuel injection 
amount Of in a step S42. As described above, the fuel injection amount Qf 
depends on a duty signal output by the engine controller 31 to the nozzle 17. 
Therefore, the fuel injection amount Qf is a known value to the engine controller 
31. 

[0086] In a next step S43, the engine controller 31 determines whether or not 
the running condition of the engine 1 determined by the engine rotation speed Ne 
and fuel injection amount Qf is within a post-injection region. Herein, the fuel 
injection amount Of is used as a value representative of the load of the engine 1. 
[0087] This determination is performed by looking up a map having the 
characteristics shown in FIG. 8 prestored in a memory (ROM) of the engine 
controller 31. In this map, the post -injection region and retardation region of the 
mam injection timing are set. Post -injection means a supplementary fuel injection 
after the main injection to rotate the engine 1. The retardation of the main 
injection timing also raises the exhaust gas temperature by delaying the timing of 
the main injection.. In the step S43, which of these methods is used to raise the 
exhaust gas temperature is determined according to the engine rotation speed Ne 
and fuel injection amount Qf. 

[0088] In the step S43, when it is determined that the running condition of 

the engine 1 is within the post -injection region, the engine controller 31, in a step 

S44, calculates a post-injection amount from the engine rotation speed Ne and 

fuel injection amount Of by looking up a map having the characteristics shown in 

FIG. 9 prestored in a memory (ROM) of the engine controller 31. Under different 

running conditions, this map specifies the post -injection amount for controlling 
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the exhaust gas temperature to the second target temperature tTexh2. In this 
map, the post-injection amount is set to be larger, the smaller is the fuel injection 
amount Of of the main injection and the smaller is the engine rotation speed Ne. 
[0089] In the step S43, when it is determined that the running condition of 
the engine 1 is not in the post -injection region, the engine controller 31, in a step 
S45, calculates the retardation angle of the main injection timing from the engine 
rotation speed Ne and fuel injection amount Of by looking up a map having the 
characteristics shown in FIG. 10 prestored in the memory (ROM) of the engine 
controller 31. Under different running conditions, this map specifies the retardation 
angle of the main fuel injection timing to control the exhaust gas temperature to 
the second target temperature tTexh2. The retardation angle in this map is set to 
be larger, the smaller is the fuel injection amount Of of the mam injection and the 
smaller is the engine rotation speed Ne. 

[0090] The post-injection amount set in the step S45 and retardation angle 
of the main injection timing set in the step S44 are used for a fuel injection 
control routine which exists as a separate routine, and are implemented by executing 
the fuel injection control routine. 

[0091] In an exhaust gas flow rate control routine shown in FIG. 11, the 

engine controller 31, in a step S51, determines whether or not the exhaust gas 

flow rate control flag is unity. When the exhaust gas flow rate control flag is not 

unity, the engine controller 31 immediately terminates the routine. The exhaust 

gas flow rate control flag is a flag set by the aforesaid routine of FIG. 5. 

[0092] When the exhaust gas flow rate control flag is unity, the engine 

controller 31, in a step S52, controls the opening of the EGR valve 6, the opening 

of the variable nozzle 24 and the opening of the air intake throttle 42 so that the 
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exhaust gas flow rate increases. 

[0093] Referring to FIG. 12, the exhaust gas flow rate increases as the 
opening of the EGR valve 6 decreases. Referring to FIG. 13, the exhaust gas flow 
rate increases as the opening of the variable nozzle 24 decreases. Referring to 
FIG. 14, the exhaust gas flow rate increases as the opening of the air intake 
throttle 42 increases. 

[0094] Maps of the target EGR valve opening, target variable nozzle opening 
and target air intake throttle opening having the characteristics shown in FIGs. 
15-17 are prestored in the engine controller 31. The maps of FIGs. 15 and 16 are 
set to have characteristics to give respectively smaller values than a target EGR 
valve opening and target nozzle opening set when the exhaust gas flow rate 
control flag is not unity for an identical engine rotation speed Ne and main fuel 
injection amount Of. 

[0095] On the other hand, the map of FIG. 17 is set to have characteristics 
to give a larger value than a target throttle opening set when the exhaust gas flow 
rate control flag is not unity for an identical engine rotation speed Ne and main 
fuel injection amount Of. 

[0096] The engine controller 31, in a step S52, determines the target EGR 
valve opening, target variable nozzle opening and target air intake throttle opening 
by looking up these maps from the engine rotation speed Ne and fuel injection 
amount Of. The opening of the EGR valve 6, opening of the variable nozzle 24 and 
opening of the air intake throttle 42 are then respectively controlled to the target 
values. 

[0097] In this embodiment, the exhaust gas flow rate is increased by operating 

the EGR valve 6, variable nozzle 24 and air intake throttle 42, but the increase of 
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exhaust gas flow rate can be obtained by operating at least one of the EGR valve 
6, variable nozzle 24 and air intake throttie 42. 

[0098] In a next step S53, the engine controller 31 reads an intake air flow 
rate Qa detected by the air flow meter 35, the fuel injection amount Of, inlet 
temperature T1 of the filter 41 and the differential pressure AP upstream and 
downstream of the diesel particulate filter 41. 

[0099] In a next step S54, a real exhaust gas flow rate rQexh is calculated by 
the following equation (2): 

[0 100] rQexh = A(Qa + o2 o1 Qf) ( ^ 273 + Tf\ 

' {273 + 20 PO + AP J lZJ 

where, A = constant, 

01 = fuel density (constant value)m, 

02 = exhaust gas density (constant value), 

PO = atmospheric pressure, and 
( PO 273 + T1\ 

{ 273 + 20 ' PO + AP J conversion coefficient to the basic state 
of twenty degrees centigrade, atmospheric pressure. 
[OlOl] In a next step S55, the engine controller 31 compares the real exhaust 
gas flow rate rQexh with an upper limiting value Qmax. The upper limiting value is 
set based on the relation between the exhaust gas flow rate and the bed temperature 
during filter regeneration as shown in FIG. 18. As shown in this diagram, if the 
exhaust gas flow rate is increased too much, the bed temperature of the filter 41 
decreases more than necessary. Therefore, the upper limit Qmax is set to limit the 
exhaust gas flow rate. If the exhaust gas flow rate corresponding to the upper 
limiting bed temperature is taken as a lower limiting value, the exhaust gas flow 
rate is preferably regulated within the range from the lower limiting value to the 
upper limiting value Qmax. 
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[0102] In the step S55, if the real exhaust gas flow rate rQexh does not 
exceed the upper limiting value Qmax, the engine controller 31 terminates the 
routine. In the step S55, if the real exhaust gas flow rate rQexh exceeds the upper 
limiting value Qmax, the engine controller 31, in a step S56, corrects the target 
EGR valve opening and target variable nozzle opening in the increasing direction, 
corrects the target air intake throttle opening in the decreasing direction, and 
controls the opening of the EGR valve 6, opening of the variable nozzle 24 and 
opening of the air intake throttle 42 according to the corrected target values. 
[0103] The correction values at this time are determined as follows. 
[0104] Firstly, a difference rQexh - Qmax between the real exhaust gas flow 
rate rQexh and the upper limiting value Qmax is calculated. The correction values 
of the opening of the EGR valve 6, opening of the variable nozzle 24 and opening 
of the air intake throttle 42 are then determined by looking up a map having the 
characteristics shown in FIGs. 19-21 prestored in a memory (ROM) of the engine 
controller 31 based on the difference rQexh - Qmax. 

[0105] The maps of FIGs. 15-17 used to increase the exhaust gas flow rate in 

the step S52 are all set so that the exhaust gas flow rate remains below the upper 

limiting value Qmax. However, even when the maps of FIGs. 15-17 are applied, it 

may occur that the exhaust gas flow rate exceeds the upper limiting value Qmax 

for some reason. The steps S55 and S56 are provided to ensure that the real 

exhaust gas flow rate rQexh does not exceed the upper limiting value Qmax. 

[0106] Due to the above control performed by the engine controller 31, if the 

engine 1 decelerates during regeneration of the filter 41, the exhaust gas target 

temperature is changed over from the first target temperature to the second target 

temperature which is lower than the first target temperature, and the exhaust gas 
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flow rate increases. As a result, a rapid exhaust gas temperature rise is suppressed, 
and discharge of excess heat from the filter 41 by the exhaust gas is maintained. 
Therefore, a rapid bed temperature rise of the filter 41 due to rapid deceleration of 
the engine 1 is suppressed while regeneration of the filter 41 can be continued. 
Further, even when the engine 1 has rapidly decelerated during regeneration of the 
filter 41, regeneration of the filter 41 is not interrupted, so the opportunities for 
regenerating the filter 41 are increased. 

[0107J The engine controller 31 re-adjusts the opening of the EGR valve 6, 
opening of the variable nozzle 24 and opening of the air intake throttle 42 so that 
the increased exhaust gas flow rate does not exceed the upper limiting value 
Qmax, so the bed temperature of the filter 41 is maintained within a suitable 
temperature region even if the exhaust gas flow rate is increased, and regeneration 
of the filter 41 is not interrupted. 

[0108] Moreover, during deceleration, the engine controller 31 does not start 
regeneration, so there is less possibility that the bed temperature of the filter 41 
will rise rapidly during regeneration. 

[0109] The contents of Tokugan 2002-347394, with a filing date of November 
29, 2002 in Japan, are hereby incorporated by reference. 

[0110] Although the invention has been described above by reference to certain 
embodiments of the invention, the invention is not limited to the embodiments 
described above. Modifications and variations of the embodiments described above 
will occur to those skilled in the art, in light of the above teachings. 
[0111] The embodiments of this invention in which an exclusive property or 
privilege is claimed are defined as follows: 
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